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(54) SURFACE TREATMENT SYSTEM 

(57)Abstract: 

PURPOSE: To generate a low pressure high density 
plasma uniformly over a large area by providing a planar 
electrode made of a conductive plate having holes filled 
with a dielectric and vacuum sealing a vacuum vessel 
and radiating microwave, being fed from a coaxial tube 
of power supply mechanism, into the vacuum vessel 
through the holes of the conductive plate. 
CONSTITUTION: A planar electrode 42 is provided with 
a slot part 43 serving as an antenna for radiating 
microwave. The planar electrode 42 is formed of a 
planar conductive member and holes are made through 
the planar electrode 42, at the slot part 43 thereof, and 
filled with a dielectric 44. The planar electrode 42 is fixed 
hermetically, as an upper wall, to the upper part of a 
vacuum vessel 1 1 . Since the slot part 43 is filled with the dielectric 44, the vacuum vessel 1 1 
can be sealed hermetically by means of the planar electrode 42 itself. Microwave power is fed 
from a microwave power supply 20 to the planar electrode 42 through a coaxial pipe 23. 
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■ * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention performs surface treatment of a processed substrate 
about surface treatment equipment using the plasma generated by high frequency discharge, and relates 
to the surface treatment equipment used for dry etching or plasma CVD in a semiconductor device 
production process. 
[0002] 

[Description of the Prior Art] The example of the surface treatment equipment used for the dry etching 
which is one process of semiconductor device production is explained. With a circuit pattern formation 
process indispensable to semiconductor device production, in order to actually perform pattern 
formation, generate the plasma of the mixed gas which used as the principal component the gas which 
contains a halogen by discharge, the various active species in the plasma (for example, atom-like 
chlorine, an atom-like fluorine, a fluorine carbon compound, etc.) are made to react with a surface thin 
film, and, generally the dry etching technique of removing a thin film is used. The method of 
considering as a means to make gas plasma-ize, and generating the plasma using the interaction 
(electron cyclotron resonance) of the electric field by the supplied microwave and a magnetic field is 
learned. Generally the equipment using this approach is called ECR surface treatment equipment, and 
the equipment which used the air-core coil as a device for generating a magnetic field is widely applied 
to dry etching, plasma CVD, etc. Moreover, the flat-surface mold ECR surface treatment equipment 
which is the advanced type of ECR plasma use surface reaction equipment is also known for recently 
(for example, JP,5- 1 82785, A). 

[0003] An example of conventional flat-surface mold ECR surface treatment equipment is shown in 
drawing 5 , and the relation between the magnetic field in flat-surface mold ECR surface treatment 
equipment and electric field is shown in drawing 6 . 

[0004] The vacuum lock of the vacuum housing 1 1 is carried out by the flange 12 in an upper part, and 
it equips a building envelope with the electrode 13 including a substrate maintenance device. The 
processed substrate 14 is arranged on an electrode 13. The interior of a vacuum housing 1 1 is 
decompressed by the exhauster style 15 to necessary level. The power for bias is supplied to an electrode 
13 by the power source 16. The plane electrode 17 for emitting the power by microwave is formed in the 
building envelope, and the slot (through tube) 18 which operates as an antenna for microwave radiation 
is processed into the plane electrode 1 7 by the bottom in a vacuum housing 1 1 . The formation location 
and configuration of a slot 18 are chosen as arbitration so that it may be suitable for microwave 
radiation. Two or more ring-like permanent magnets 19 for making the perimeter generate a magnetic 
field near the plane electrode 17 are arranged. In this example, the permanent magnet 19 is being fixed 
in the ring-like slot for magnet immobilization formed in the flange 12. Moreover, as a device which 
supplies microwave to the plane electrode 1 7, the coaxial tube 23 and the vacuum aperture 24 for 
coaxial-type microwave installation which consist of the microwave power source 20, an outer 
conductor 21, and an inner conductor 22 are prepared. Moreover, although illustration was omitted for 
simplification of explanation, a waveguide, an adjustment machine, single ****, a directional coupler, a 
coaxial waveguide converter, etc. are prepared if needed as a component which constitutes the 
microwave circuit between the microwave power source 20 and the plane electrode 17. 
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[0005] With above flat-surface mold ECR surface treatment equipment, after introducing predetermined 
gas to a predetermined pressure in a vacuum housing 1 1 using the gas feed system which is not 
illustrated, the power by microwave is introduced in a vacuum housing 1 1, gas is plasma-ized using the 
interaction of electric field and a magnetic field, and the plasma 25 is generated. The various particles 
with the high chemical activity within this plasma 25 are led to the front face of the processed substrate 
14, and etch a front face using the chemical reaction in a substrate front face. Usually, in order to give 
energy to the cation which is one of the particles with high activity and to lead to the front face of the 
processed substrate 14, the bias power of high frequency is supplied to an electrode 13 using a power 
source 16. 

[0006] Next, with reference to drawing 6 , the operation relation between a magnetic field and the 
electric field by microwave is explained. The electric field 32 of the microwave generated from the line 
of magnetic force 31 generated with the ring-like permanent magnet 19 and the slot 18 formed in the 
plane electrode 17 are shown in drawing 6 . In this example, the magnetic field strength in a vacuum 
housing 1 1 is the strongest near the slot 18, and the other side decreases in number more gradually 
inside a vacuum housing 1 1 . The flux density with which the frequency of the microwave used for 
plasma production is used for, and 2.45GHz is generally satisfied of the ECR conditions at this time is 
875 gauss. Therefore, the residual magnetic flux density of the ring-like permanent magnet 19 is 
determined so that the flux density generated with the ring-like permanent magnet 19 may generate flux 
density sides, such as 875 etc. gauss which is satisfied with the location (specifically location of several 
mm to several cm) a little distant from the slot 18 of ECR conditions. In the example of drawing 6 , it 
has the structure where magnetic field strength decreases gradually toward an ECR side by the 
propagation path of the microwave in the plasma 25 which reaches an ECR side from a slot 18. 
Moreover, a magnetic field 31 and the electric field 32 of microwave [ / near the slot 18 in a vacuum 
housing 1 1 ] cross at right angles mostly. In order that the above two conditions may make microwave 
spread to an ECR side and may generate the plasma 25 of high density, they are indispensable 
conditions. 

[0007] By current, as for above conventional flat-surface mold ECR surface treatment equipment, 
evaluation as a source of the plasma has already been performed widely, and the evaluation as surface 
treatment equipment is also spreading. 
[0008] 

[Problem(s) to be Solved by the Invention] The greatest description of ECR surface treatment equipment 
is in the point that the plasma of a high consistency can be generated in low gas pressure, by using the 
resonance phenomenon of a magnetic field and microwave. However, 875 gauss is required as magnetic 
field strength for satisfying resonance conditions to 2.45GHz which is the frequency of the microwave 
usually used. On the other hand, it is required that the plasma for a thing with a diameter of about 
250mm being used and processing this of the silicon wafer used for semi-conductor manufacture should 
also be uniform covering wafer area. 

[0009] With the flat-surface mold ECR surface treatment equipment shown in drawing 5 , by using two 
or more ring-like permanent magnets, the fault accompanying the conventional equipment of the format 
of generating a magnetic field with a common air-core coil can be conquered, and effectiveness, such as 
facilitation of the magnetic field developmental mechanics by generating of the large area homogeneity 
plasma by use of a slot and adoption of a permanent magnet and equalization of the high-frequency 
power bias by a magnetic field not crossing a wafer front face, be attained. 
[0010] However, the above-mentioned flat-surface mold ECR surface treatment equipment has a 
complicated device for installation of microwave, and especially, since the dependability of the coaxial- 
type vacuum aperture 24 is inadequate, the microwave power which can be supplied is restricted and it 
has the problem that generating of the high density plasma is difficult. When microwave power is 
enlarged, there is also a possibility that unusual discharge may occur around a slot 18, and now, it has 
come [ moreover, ] to be introduced into a semi-conductor production line from lack of the 
dependability as equipment. 

[001 1] The purpose of this invention is to solve the above-mentioned problem, it proposes the plane 
electrode for plasma production which has new structure, raises the dependability at the time of high 
density plasma generating, and is to offer the surface treatment equipment which can make homogeneity 
generate the plasma of high density over a large area by the low voltage force. 
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[0012] 

[Means for Solving the Problem and its Function] The exhauster style to which the surface treatment 
equipment concerning the 1st this invention changes the inside of a vacuum housing and this vacuum 
housing into a reduced pressure condition, The gas installation device which introduces the gas for 
discharge in a vacuum housing, and the power feeder style which supplies the power by microwave in 
order to make gas discharge and to generate the plasma, It is surface treatment equipment equipped with 
the substrate maintenance device installed in a vacuum housing. The above-mentioned power feeder 
style It has the plane electrode fixed to a vacuum housing so that it may be formed with the conductive 
plate which has the hole with which it filled up with the dielectric and the vacuum lock of the inside of a 
vacuum housing may be carried out, it lets the hole of a conductive plate pass, and it is constituted so 
that the microwave supplied with the coaxial tube of a power feeder style may be emitted in a vacuum 
housing. 

[0013] In the 1st this invention, the hole (slot section) with which it filled up with the dielectric not 
using the conventional coaxial tube and conventional vacuum aperture which are used for microwave 
installation is formed in a plane electrode, microwave is directly supplied to this plane electrode using a 
coaxial tube, and the homogeneous good high density plasma is easily generated by radiation of the 
microwave from the hole concerned. The hole with which it filled up with the dielectric as the slot 
section which emits the microwave in a plane electrode is the most practical. Moreover, **** which can 
eliminate the scarce coaxial-type vacuum aperture in dependability although it was required in order to 
make the slot section itself into the structure of bearing a vacuum lock and to supply microwave power 
conventionally by filling up the hole of the plane electrode for supplying the power of microwave in a 
vacuum housing with a dielectric. 

[0014] The 2nd this invention is characterized by arranging two or more holes formed in the plane 
electrode in the radial location centering on one on a conductive plate, and supplying microwave near 
the core of a radial location in the 1st invention. 

[0015] The 3rd this invention is characterized by forming the hole of a plane electrode as an arc on [ of 
one ] a circle or two or more concentric circles, and supplying microwave near the core of a circle or 
two or more concentric circles in the 1st invention. 

[0016] In the 2nd and 3rd this inventions, the hole which forms the slot section is arranged preferably in 

the ring-like radial location, the power by microwave was effectively emitted in the vacuum housing, 

and it made the plasma generate in discharge space, and made it possible to use this. 

[0017] In the 1st to 3rd invention, the 4th this invention installs two or more ring-like permanent 

magnets in a hole and the location in which it does not interfere with the conductive plate which forms a 

plane electrode, and is characterized by generating a magnetic field near the hole. 

[0018] The magnetization direction of the ring-like permanent magnet with which the magnetization 

direction of two or more ring-like permanent magnets is radial [ of a ring-like permanent magnet ] in the 

4th invention, and the 5th this invention adjoins each other is characterized by being hard flow mutually. 

[0019] He makes the electric field by microwave, and the magnetic field by the permanent magnet cross 
at right angles by preparing the ring-like permanent magnet for magnetic field generation in a plane 
electrode directly, and making radial the magnetization direction of this ring-like permanent magnet, and 
is trying to produce the owner effect for the interaction of the magnetic field concerned and the electric 
field by microwave in the 4th and 5th this inventions. 
[0020] 

[Example] Below, the suitable example of this invention is explained based on an accompanying 
drawing. 

[0021] In drawing 1 , the same sign is substantially given to the same element with the element 
explained by drawing 5 . The interior of a vacuum housing 1 1 is used as discharge space, and the 
electrode 13 with which the processed substrate 14 has been arranged to this interior is arranged. The 
electrode 13 is attached in the low wall of a vacuum housing 1 1 in the state of floating potential using 
the insulating material 41. Substrate maintenance ****** 0 f the e i ectro d e 13 is carried out. The plane 
electrode 42 is formed in the upper wall part of a vacuum housing 1 1 . The plane electrode 42 by this 
example serves also as the function for maintaining the building envelope of a vacuum housing 1 1 at a 
vacuum. Therefore, with the equipment by this example, the member which is conventionally equivalent 
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* to the flange 12 of equipment was not used, but plane electrode 42 itself serves as the flange 12. The 
processed substrate 14 installed on the electrode 13 is arranged so that the plane electrode 42 of a 
vacuum housing 1 1 may be countered. In order to operate the equipment by this example as a discharge 
reactor, while ** is included, it connects with a power source 16 and the power for bias introduces the 
gas used for a discharge reaction using the gas installation device in which exhaust a vacuum housing 1 1 
to a predetermined pressure, and it is not illustrated after that to a predetermined pressure using the **** 
device 15. 

[0022] The structure of the plane electrode 42 and an operation are explained with reference to drawing 
1 and drawing 2 . The slot section 43 which operates as an antenna for microwave radiation is formed in 
the plane electrode 42. The plane electrode 42 is formed using tabular conductivity members, such as a 
metal plate, and the slot section 43 is formed from the hole formed in the plane electrode 42 by 
penetrating, and the dielectric 44 with which this hole was filled up densely, the slot section 43 - actual 
- a hole - although it is not the very thing, since the same operation, i.e., microwave, is substantially 
passed with the slot 18 of equipment conventionally and it has radiation into a vacuum housing, suppose 
that it is called the M slot section. 1 ' Since the plane electrode 42 is attached in the upper part of a vacuum 
housing 1 1 so that a building envelope may become airtight as a upper wall of a vacuum housing 11, 
and the slot section 43 is filled up with the dielectric 44, the vacuum lock of the building envelope of a 
vacuum housing 1 1 is made possible by plane electrode 42 itself. 

[0023] As conditions required of the dielectric 44 with which it fills up in the slot section 43, that 
dielectric loss is small, that airtightness is good, and having the thermal resistance which is a certain 
extent are mentioned. About airtightness, the need has that the adhesion of the wall of the conductive 
plate which forms the plane electrode 42, and a vacuum housing 1 1 is good. As an ingredient with 
which are satisfied of such conditions, there are organic materials, such as inorganic materials, such as 
glass, a quartz, and alumina ceramics, Teflon, polyimide, and silicon resin, and it is suitably chosen 
according to conditions, such as a type of gas used for the process of surface treatment, and microwave 
power to be used. 

[0024] Moreover, as shown in drawing 1 and drawing 2 , in the external surface of the plane electrode 
42, two or more ring-like permanent magnets 45 for generating a magnetic field are arranged. The 
magnetic circuit consists of this examples by arranging the four ring-like permanent magnet 45 with 
which paths differ mutually in concentric circle. The ring-like permanent magnet 45 is embedded in the 
slot of the shape of a ring formed in the external surface of the plane electrode 42. The ring-like 
permanent magnet 45 is magnetized so that the permanent magnet which is altogether magnetized by 
radial and adjoins each other may become hard flow mutually. 

[0025] As shown in drawing 2 , the plane electrode 42 has a circular configuration. As for the above- 
mentioned slot section 43, it is desirable for two or more formation to be carried out and to be formed in 
the location of a radial from one point, such as the plane electrode 42, for example, a core etc. In the 
case of [ 43 ] this example (for example, the four slot sections), it sees from the central point from the 
inside in the tooth space between the 2nd permanent magnet 45 and the 3rd permanent magnet 45, and 
they are formed in the location of a radial. Since the four slot sections 43 are arranged on a ring 
configuration, each has the arc configuration. Moreover, the slot section 43 can also be formed among 
other ring-like permanent magnets, and can also arrange the slot section in a concentric circle location. 
Furthermore, by this example, although the example which used four ring-like permanent magnets 45 is 
shown, it may have the engine performance excellent in the direction of a different number depending 
on the applied purpose. Moreover, the actuation of the magnetization direction is completely the same 
about each permanent magnet 45 also as hard flow. 

[0026] The plane electrode 42 shall have the reinforcement which does not deform practically to the 
differential pressure of atmospheric pressure and a vacuum on the structure, a gestalt, and the quality of 
the material. The thinner possible one of the thickness of the plane electrode 42 from the need of on the 
other hand making microwave spreading through the dielectric 44 inside the slot section 43 is desirable. 
The thickness of the plane electrode 42 is determined by the balance of these two conditions. As shown 
in this example, as for the slot section 43, it is effective practically by dividing a ring-like thing into two 
or more parts (this example 4), and forming the mediation part 46 to compensate the mechanical 
strength of the slot section 43 and to make the plane electrode 42 thin. If the die length of short **** and 
the divided slot section 43 is fully the quadrant of the wavelength of microwave, and more than 
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s comparable as compared with the wavelength of the microwave which the width of face of the pons 
delivery part 46 uses for discharge, especially constraint does not exist about the die length of the pons 
delivery part 46, and the number of division. 

[0027] Next, the structure of supply of the power of the microwave by this example and the generating 
approach of the plasma are explained. If microwave power is supplied from the microwave power 
source 20 to the plane electrode 42 through the coaxial tube 23 which consists of an outer conductor 21 
and an inner conductor 22, it will let the dielectric 44 of the slot section 43 installed in the plane 
electrode 42 pass, and the power by microwave will be emitted to the interior of a vacuum housing 1 1 . 
This microwave power is absorbed by the gas introduced in the vacuum housing 1 1, and the plasma 25 
generates it in a vacuum housing 1 1 . Predetermined surface treatment is performed to the front face of 
the processed substrate 14 using the operation which this plasma 25 has. If it sets up so that the 
conditions of the electron cyclotron resonance to the frequency of the microwave supplied may fill the 
reinforcement of the magnetic field generated from two or more ring-like permanent magnets 45 in the 
near space of the slot section 43 in a vacuum housing 1 1 at this time, generating effectiveness of the 
plasma 25 can be made very high. 

[0028] The structure of microwave induction is explained. The power of the microwave used in surface 
treatment equipment is usually in the range of 10W to several kW. It is common to use that by which the 
bore of an outer conductor 48 was standardized by 20mm or 39mm as a coaxial tube 47 for making such 
power spread. On the other hand, although it differs about the diameter of the slot section 43 according 
to the process made into the purpose, the diameter of the processed substrate 14 and the diameter of 
extent comparable or small a little are usually needed. Since most things are contained in the range of 
150 to 300mm, the diameter of the processed substrate 14 cannot connect the slot section 43 and a 
coaxial tube 47 directly. Therefore, the coaxial tube 47 which made partial 47a linked to the plane 
electrode 42 for discharge of an outer conductor 48 and an inner conductor 49 the shape of a taper 
constitutes from this example. By this, aggravation of the power use effectiveness by the impedance 
mismatch is prevented. 

[0029] An operation with a magnetic field and the electric field by microwave is explained using 
drawing 3 . The electric field 5 1 of the microwave generated by the line of magnetic force (magnetic 
field) 50 generated with the ring-like permanent magnet 45 and the slot section 43 prepared in the plane 
electrode 42 are shown by drawing 3 . It has the structure where magnetic field strength decreases 
gradually toward an ECR side by the propagation path of the microwave in the plasma 52 which reaches 
an ECR side from the slot section 43. Moreover, line of magnetic force 50 and the electric field 5 1 by 
microwave cross at right angles over the whole mostly. The above two conditions are the term of a Prior 
art, and in order they to make microwave spread to an ECR side and to generate the plasma of high 
density, they are indispensable as they were already described. Also in this example, by making radial 
the magnetization direction of two or more ring-like permanent magnets 45, and making mutually the 
magnetization direction of the adjacent ring-like permanent magnet 45 into hard flow, the generation of 
the plasma in which the interaction of the same magnetic field as conventional flat-surface mold ECR 
surface treatment equipment and electric field became possible, and the advantage of ECR was 
employed efficiently is possible so that clearly from the comparison of drawing 3 and drawing 6 . 
[0030] Drawing 4 shows the 2nd example of the surface treatment equipment concerning this invention. 
The slot section 43 is formed in radial in the shape of a crank inside the plane electrode 42, and the 
dielectric 44 is filled up with this example like the 1st example. As for the location of the slot section 43, 
it is desirable to consider as between a No. 2 side and the 3rd two ring-like permanent magnets 53, and 
to double with the center position of the magnet width of face of the ring-like permanent magnet 53 of a 
No. 2 side in the electrode surface by the side of a vacuum in the electrode surface by the side of 
atmospheric air, from the inside. The quality of the material of the dielectric 44 with which it is filled up 
in this slot section 43 is chosen like the 1st example. Moreover, let the magnetization direction of two or 
more ring-like permanent magnets 53 be the shaft orientations of a ring configuration as well as 
[ conventionally ] the case of equipment in this example, in this example, the arrangement relation 
between a magnetic field and microwave electric field showed this to drawing 6 - it is because it 
becomes being the same as that of the case of equipment conventionally. 

[0031] In each above-mentioned example, although the ring-like permanent magnets 45 and 53 were 
built into the plane electrode 42, it can also arrange on the outside of the flat-surface top electrode 42. 
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' [0032] 

' [Effect of the Invention] By the above explanation, according to this invention, it sets to flat-surface 
mold ECR surface treatment equipment so that clearly, devising in the structure of a plane electrode, and 
the magnetization direction of a ring-like permanent magnet — dependability, since the low conventional 
vacuum aperture for microwave installation was eliminated and generating of the unnecessary discharge 
inside a slot was abolished It was stabilized in flat-surface mold ECR surface treatment equipment, and 
the high density plasma was generated efficiently, and the homogeneity of surface treatment could be 
kept good to the processed substrate, and practicality was raised. Especially, according to this invention, 
in surface treatment equipments which are plasma process units, such as a dry etching system and a 
CVD system, various kinds of high speeds and uniform large area processing are attained. 



[Translation done.] 
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